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Summary Background: Chronic obstructive pulmonary disease (COPD) patients have lower levels of physical activity compared to age-matched controls, and they limit physical activities requiring normal exertion. Our purpose was to compare the effectiveness of a traditional exercise therapy (TET) program with a behavioral lifestyle activity program (LAP) in promoting physical activity. Methods: Moderate physical activity (kcal/week) was assessed in 176 COPD patients using the Community Health Activities Model for Seniors questionnaire. Patients were randomized to either a three month TET program that meet thrice weekly or a LAP. The LAP was designed to teach behavioral skills that encouraged the daily accumulation of self-selected physical activities of at least moderate intensity. Interventionist contact was similar (36 h) between the two groups. Patients were assessed at baseline and 3, 6 and 12 months. Results: Compared to baseline values, self-reported moderate physical activity increased three months post-randomization with no significant difference (p Z 0.99) found between the TET (2501 AE 197 kcal/week) and the LAP (2498 AE 211 kcal/week). At 6 and 12 months postrandomization, there were no significant differences (p Z 0.37 and 0.69, respectively) in selfreported levels of moderate physical activity between the TET (2210 AE 187 and 2213 AE 218 kcal/ week, respectively) and the LAP (2456 AE 198 and 2342 AE 232 kcal/week, respectively). Conclusion: Although there was no difference between treatment groups, the TET and the LAP were both effective at in increasing moderate levels of physical activity at 3 months and maintaining moderate physical activity levels 12 months post-randomization.
Introduction
Chronic obstructive pulmonary disease (COPD) patients report limitations in physical activities requiring normal exertion 30 and lower physical activity levels when compared to age-matched healthy adults. 22, 25, 34 Consequently, COPD patients experience decreases in physical function and quality of life resulting in further inactivity and a cycle of further deconditioning. Short-term exercise therapy can interrupt this cycle and improve physical function and quality of life. 20, 21, 32 Furthermore, results contrasting shortterm (3 months) and long-term (18 months) exercise therapy has demonstrated the superiority of long-term therapy on improved physical function and quality of life. 5, 11 Recent data from Garcia-Aymerich et al. have shown that regular physical activity is associated with a reduction in COPD hospitalizations and respiratory mortality. 12 Collectively, these data support the benefit and need of promoting longterm physical activity in COPD patients.
Unfortunately long-term adherence with exercise programs for individuals with a chronic disease mirrors the unfavorable reports found in asymptomatic populations. 23 Given that the current exercise therapy model for COPD patients is to provide 8e12 weeks of center-based exercise therapy with no additional intervention, 13 the goal of the present study was to contrast this approach with a lifestyle activity program (LAP) on long-term (12 month) maintenance of physical activity levels in COPD patients. The LAP, based on our past successful experience with a similar program developed for individuals at risk for or those with cardiovascular disease, 26 was designed to phase out supervised, centerbased activity over an initial 3-month period using behavior change procedures that encouraged patients to increase their daily physical activity levels such that they met established physical activity guidelines. 1, 40 Our hypothesis was that the LAP would result in higher levels of moderate physical activity at the end of 12 months as compared to a traditional threemonth exercise therapy (TET) program.
Methods Design
This was a single center, single blind, randomized controlled clinical trial. Patient were recruited over a 4year period in waves of approximately 12e15 patients per wave via community based advertising in the local media and physician referral. No financial remuneration was offered to patients for their participation, and all patients were informed they had the option to drop out of the study at any time with no adverse effects on their treatment. Patients within each wave were randomized to either the LAP or the TET following completion of baseline visits. Evaluation of participants occurred at baseline and at 3, 6 and 12 months post-randomization. Staff members blinded to the participant's treatment assignment completed all data collection. All analyses allocated participants to their originally randomized groups and used all available followup data.
Participants
Participants were eligible if they had an expiratory airflow limitation such that the FEV 1 /FVC was 70% and the FEV 1 was !20% of predicted. Patients had to report difficulty in performing at least one of the following activities due to dyspnea: walking a city block, grocery shopping, doing household chores, lifting objects chest height or higher, walking up stairs and getting out of a chair. Patients had to be free of severe cardiovascular or peripheral vascular disease, not undergoing active treatment for cancer, free from uncontrolled hypertension or diabetes, have not participated in a pulmonary rehabilitation or exercise program for the previous three months, and be willing to accept random assignment into either intervention arm. Determination of medical diagnoses which would preclude participation in the study was done through a medical history, physical exam and a graded exercise test. All participants remained under the care of their personal physician and signed an informed consent approved by the University's Institutional Review Board.
Behavioral run-in
Because the LAP required participants to engage in self monitoring of physical activity for 12 months, all participants completed a one week behavioral run-in prior to randomization. Participants were asked to record information regarding their levels of physical activity during this period and were queried as to their perceived difficulty with this process. They were also questioned about their willingness to continue this process for an additional 12 months. Those that were unable to perform self monitoring during this one week period or unwilling to continue this process for an additional 12 months were excluded from the study.
Randomization
Randomization was performed using a web-based randomization application. All baseline measurements were obtained prior to randomization. Only the statisticians were unblinded to the randomization scheme, which was stratified by gender and study period (1st, 2nd, and final third of participants randomized). Block sizes varied randomly between 4 and 6.
Power
This study was designed to have 90% power to detect a 400 kcal/week average difference during follow-up with 85 evaluable participants per group if the correlation between baseline and follow-up measurements was 0.60 as observed by Stewart et al., 38 and 85% power if the correlation was 0.50.
Interventions
Both the LAP and the TET groups received identical centerbased exercise therapy and bimonthly education classes at the clinic site during the first three months of the study. Both interventions had 36 contact hours between interventionists and participants. The TET group met for 1-hour exercise sessions thrice weekly for 12 weeks. Each session consisted of a brief warm-up, 30e35 min of walking at a rating of perceived dyspnea of 3e5 (moderate to somewhat hard) on the Borg categorical scale, 6 10e15 min of strength training using elastic resistance bands and a brief cool-down. Following completion of the 36 center-based sessions, participants were encouraged to continue exercising; however, an option to continue at the clinic site was not provided. Participants were provided information on community sites that conducted similar programs similar to the one completed.
The LAP also consisted of 36 h of participant contact; however, the structure, timing, and goals of these sessions differed from the TET. A basic principle underlying these contacts and their sequencing was one of gradually weaning participants from the dependency on staff and the centerbased program toward independent promotion and selfregulation of physical activity at home. This process was one of a phased increase in the ratio of personal responsibility in conjunction with a phased decrease in staff, group and clinic dependency. In the LAP intervention, the principles of group dynamics were used to systematically develop group formation and identity, create the group's common motivational base (i.e., independent physical activity), and establish exercise and adherence expectancies in members that were of consequence to the group. In other words, the group was used to promote an independent lifestyle of physical activity by (a) making this the group goal, (b) teaching and practicing this approach within the group, (c) gaining commitment to independent exercise for each member from within the group, and then, (d) avoiding group dependence by weaning participants from the group so that these individuals sustain independent, long-term, daily activity at home and/or in the community.
For the LAP, there were four different types of contacts that the patients had with the staff to help establish the above goals. The first of these was center-based exercise/ group sessions. During center-based exercise/group sessions, participants met at the rehabilitation facility for 1 hour of center-based exercise training. These exercise sessions were the same as those used with the TET program. Following the exercise sessions, participants engaged in a 15-min period of instruction and participated in group discussion regarding the self-regulatory aspect of learning long-term maintenance of physical activity. The second type of contact the LAP patients had with staff was center-based exercise training sessions. During centerbased exercise training sessions, participants met at the rehabilitation facility for 1 h exercise training. The third type of contact patients had with staff was 30 min individual counseling sessions to review and evaluate the patient's ability to sustain independent long-term physical activity. The fourth type of contact patients had with staff was 15 min individual phone contacts to review and evaluate the patient's progress in sustaining physical activity.
When center-based training sessions were being reduced, patients were encouraged to increase homebased training so that total weekly exercise sessions occurred three times per week. This home-based training was prescribed at an intensity comparable to center-based training. However, patients were told that their exercise sessions could be divided into smaller units of no less than 10 min. Thus, participants might choose to perform their home exercise using four 10-min bouts, two 20-min bouts or a single 40-min bout. Patients in the LAP group were given instruction in and assistance in planning for goals that included integrating alternative physical activities into their daily lifestyles. This involved activities such as yard work, choosing to use stairs rather than elevators, taking the option of walking instead of sitting to wait for someone, and/or becoming more involved in recreational sports activities. The objective was to make daily living as active as possible emphasizing that benefits can also be obtained from physical activity that is moderate in intensity and, in some instances, relatively brief.
The timing of all patient contact for the LAP was structured so the patients would not have contact with the staff for one month prior to a follow-up testing visit. A detailed description of the TET and LAP contacts is shown in Table 1 .
Primary outcome
Assessment of the primary outcome and all secondary outcomes were performed by assessors blinded to the patients' treatment randomization. The primary outcome was weekly energy expenditure from moderate physical activity measured as kcals/week as estimated using the Community Health Activities Model Program for Seniors (CHAMPS) physical activity questionnaire. 38 The CHAMPS was specifically designed to assess physical activity of older adults and to evaluate interventions designed to increase physical activity in older adults. It has been shown to be appropriate for use across diverse samples of older adults and to be sensitive to change in a number of studies with older adults. 18, 31, 38, 39 It is interviewer administered and comprised of 41 items of which 27 pertain to physical activity and are used for scoring. From the instrument, typical weekly energy expenditure (kcal/week) and frequency of moderate and total physical activity can be estimated. Six-month intraclass correlation coefficients for energy expenditure in all and moderate activities were 0.66 and 0.67, respectively. 38 While the CHAMPS defines moderate physical activity as a metabolic equivalent (MET) of 3 or more, we defined moderate physical activity as any activity with a MET value greater than 1.84 METs. Our rationale for doing this was based on the fact that moderate physical activity is defined in Physical Activity and Health: A Report of the Surgeon General as any activity requiring an intensity greater than or equal to 45% of the maximal MET capacity. 40 The average measured maximal MET capacity of the participants in this current investigation measured during their baseline visit was 4.1 METs. Thus 45% of 4.1 METs was 1.84 METs.
Secondary outcomes
Physical function Physical function was assessed using a series of tests that have all been used previously with COPD patients. 2, 10, 15, 28 These included the 6 min walk distance, stair climb time and the Short Physical Performance Battery (SPPB) which consisted of a 4 m walk speed, chair rise time and balance time. The 6 min walk was performed in a dedicated gymnasium that measured 8 m by 14 m according to the guidelines of the American Thoracic Society. 2 For the timed stair climb, participants were asked to ascend two flights of stairs as quickly as possible while holding onto the handrail. Each step had a 7 inch rise and a 12 inch run. The total vertical ascent was 12.6 ft. The participants did not receive encouragement or feedback on their performance.
Walking speed in the SPPB was assessed by asking the participants to walk at their usual pace over 4 m. Participants were allowed to use walking aids (cane, walker, or other walking aid) if necessary, but not the assistance of another person. Time in seconds needed to complete the entire distance was recorded. Two trials were administered and the faster of the two was used to compute walking speed. The chair rise test was performed using a straightbacked chair placed with its back against a wall. Participants were first asked to stand from a sitting position without using their arms. If they were able to perform the task, they were then asked to stand up and sit five times as quickly as possible. The time to complete the task was recorded. For the test of standing balance, participants were asked to maintain balance in three positions characterized by a progressive narrowing of the base support: feet together (side by side position), the heel of one foot beside the big toe of the other foot (semi tandem position), and the heel of one foot in front of and touching the toes of the other foot (tandem position). For each of the three positions, participants were timed to a maximum of 10 s. Scores are summed for the measure of balance for a range of 0e 30 s. Each of the three performance measures was assigned a score ranging from 0 to 4, with 4 indicating the highest level of performance and 0 the inability to complete the test according to the recommendations of Guralnick. 15 A summary performance score ranging from 0 (worst performers) to 12 (best performers) was calculated by adding walking speed, chair stands and standing balance scores. This scale has proven valid for predicting institutionalization, hospital admission, mortality and disability. 14, 15 Self-reported disability Self-reported disability was determined using a 23-item questionnaire that assessed the physical disability of the participant. For each item, participants were queried as to how much difficulty they experienced while performing physical activities during the past month. The questionnaire is scored on a 6-point scale with a score of one indicating ''usually did with no difficulty'' and a score of six indicating ''usually did not do for other reasons.'' 27, 29 Health-related quality of life Health-related quality of life was measured using both generic 8, 37 and a disease-specific instruments. 16 Psychological functioning was assessed using the short form of the CESD, 8 whereas subscales from the RAND 36-item Health Survey 37 were used to assess general health, pain and social functioning. The Chronic Respiratory Disease Questionnaire was used as a disease-specific measure of health-related quality of life. 16 This measure assessed quality of life in the domains of dyspnea, mastery, fatigue and emotion.
Exercise capacity
Exercise capacity was expressed as peak oxygen consumption ( _ VO 2 peak ) and total time during a graded exercise test performed on a treadmill. 4 Peak oxygen consumption was determined during a graded exercise test performed in the morning prior to the use of any bronchodilators. Each patient performed a modified Naughton protocol on a treadmill (Quinton Q-4000) in which the grade and/or belt speed was increased by a specified amount at 2-min stages. Oxygen consumption was measured using a Medical Graphics Corporation CPX-D metabolic cart. All values were collected during a 60-second period and reported as minute values. The highest oxygen consumption value measured for a complete 60-second period represented the _ VO 2 peak . Calibration of the system occurred prior to every test according to the manufacturer's specifications. All calibration gases were certified standard gases verified via Haldane analysis.
Pulmonary function
Pulmonary function tests and lung volume determinations were performed according to ATS guidelines using a Medical Graphics Corporation 1085D plethysmograph. 3 
Compliance
Compliance was defined as the number of sessions completed divided by the total number of sessions prescribed and was expressed as a percentage. Compliance was calculated based on all randomized patients. If a participant planned to miss a session, an exercise leader prepared an exercise prescription for that participant to perform while away and verified compliance once the participant returned.
Safety monitoring
Serious adverse events were defined based on the Code of Federal Regulations, 21CFR 312.32 and included any of the following outcomes: death, a life-threatening adverse event, inpatient hospitalization or prolongation of existing hospitalization, or a persistent or significant disability/ incapacity.
Statistical analysis
Baseline characteristics were compared between groups using chi-square tests for categorical variables and the two sample t-test for continuous variables.
An examination of the compliance data revealed nonnormal distributions. As a result median data are reported for this measure.
The effect of the intervention on the primary outcome averaged across both follow-up measurements was analyzed using mixed effects analysis of covariance models for repeated outcomes. The model testing this hypothesis included factors used to stratify randomization ((gender, study period (1st, 2nd, and final third of participants randomized)), the baseline measure of energy expenditure, the intervention effect, and a factor measuring the time effect (3 months, 6 months, and 12 months) and an intervention by time interaction term. An unstructured covariance matrix was used to account for covariance between repeated measures and estimation was done using maximum likelihood. Follow-up means were estimated as least squares means. The primary hypothesis was tested as a contrast representing the difference in the average effect between intervention groups across all time points, using a two-sided 0.05 level of Type I error.
Secondary analyses of the primary and secondary outcomes were conducted for differential effects of the intervention at different follow-up points (i.e. an interaction between the intervention effect and the time effect).
Results
Recruitment occurred over a three year period. Participant flow is illustrated in Fig. 1 . Following the screening visits, 176 individuals were randomized to either the LAP (n Z 87) or TET (n Z 89). There were no differences between the groups in the baseline characteristics shown in Table 2 . When comparing baseline characteristics between those that dropped out versus those that completed the study, the drop outs were significantly younger and there were a relatively lower percentage with co-morbidity illness. There were no other differences between these two groups. During the course of the study, 24 patients dropped out of the LAP program, and 20 dropped out of the TET program. Drop out rates were not significantly different between the two groups.
Compliance with the interventions
Compliance data were not normally distributed, therefore median data are reported. Compliance with the TET was 80.6 percent and with the LAP was 74.3 percent. Results from the Wilcoxon test showed these values not to be significantly different (p Z 0.21). Fig. 2 illustrates moderate physical activity levels. Over 12 months, physical activity levels were not significantly different between the LAP and TET groups (p Z 0.57, average effect across all follow-up visits). The adjusted difference in physical activity levels (kcals/week) between the two groups was 3 at 3 months (p Z 0.99), 246 at 6 months (p Z 0.37) and 129 at 12 months (p Z 0.69). Within the LAP group, there were significant increases in moderate physical activity when comparing 3 (p Z 0.004), 6 (p Z 0.005) and 12 month (p Z 0.048) follow-up data to baseline values. Within the TET group, there were significant increases in moderate physical activity when comparing 3 (p Z 0.002) and 6 month follow-up (p Z 0.039) data to baseline values. For the TET, 12 month follow-up physical activity levels were not significantly different from baseline values (p Z 0.089). Table 3 provides the results for measures of physical function. Over 12 months of follow-up, none of the measures of physical function were significantly different between the LAP and the TET groups. There were no significant differences in measures of physical function between the groups at any of the followup time points. Within group analysis showed significant improvements in selected measures of physical function for both groups. More specifically, the TET had significant improvements in 6-min walk distance, stair climb time, SPPB score, 4-m walk distance and chair rise times at 3 months as compared to baseline. The TET group maintained improvements in 6-min walk distance, SPPB, 4-m walk distance and chair rise time at 12 months. The LAP had significant improvements in 6-min walk distance, SPPB score, 4-m walk distance and chair rise times at 3 months as compared to baseline. The LAP group maintained improvements in SPPB score, 4-m walk distance and chair rise time at 12 months. Fig. 3 illustrates estimated mean levels of self-reported disability. Over 12 months of follow-up, self-reported disability levels were not significantly different between the groups (p Z 0.91 for average effect across all followup visits). There were no significant differences in selfreported disability levels between the two intervention groups at 3 (p Z 0.46), 6 (p Z 0.74) or 12 months (p Z 0.97) of follow-up. Within the LAP group, there were no significant differences in self-reported disability when comparing 3 (p Z 0.23), 6 (p Z 0.23) and 12 month (p Z 0.43) follow-up data to baseline values. Within the TET group, there were significant increases in selfreported disability when comparing 3-month follow-up (p Z 0.027) data to baseline values. For the TET, 6 and 12 month follow-up self-reported disability were not significantly different from baseline values (p Z 0.44 and 0.43, respectively). Given baseline values were used as a covariate, data from these participants were also excluded from the follow-up analysis. An analysis that did not control for baseline CHAMPS levels, but included all follow-up data for these participants produced similar results and did not change the overall conclusions. Table 4 contains quality of life results. Over 12 months of follow-up, quality of life measures were not significantly different between the groups. There were no significant differences in quality of life measures between the groups at any of the follow-up time points. The TET had significant improvements in the SF-36 physical scale and the CRQ at 3 months as compared to baseline. The TET group maintained improvements in the CRQ at 12 months. The LAP had significant improvements in the CRQ at 3 months as compared to baseline and maintained these improvements at 12 months. Table 5 contains exercise capacity results. Over 12 months of follow-up, neither _ VO 2 peak nor total treadmill time was significantly different between the groups. There were no significant differences in either measure between the two groups at any of the follow-up time points.
Moderate physical activity
Physical function
Self-reported disability
Quality of life
Exercise capacity
Serious adverse events
Serious adverse events for each intervention arm are presented in Table 6 . Twenty-three of the participants in the TET group and 24 of the participants in the LAP group The p values for comparing the two treatment arms were obtained using the Chi-square test for categorical variables and the two sample t-test for continuous variables. FEV 1 is the forced expiratory volume in 1 s. FVC is the forced vital capacity. RV is the residual volume. TLC is the total lung capacity. reported at least one serious adverse event. There was no significant differences between the two interventions in the number of participants reporting serious adverse events (p Z 0.92).
Discussion
The results are somewhat surprising as they show no difference in physical activity levels and secondary outcomes at one year between patients in the TET and LAP. Because interventions that have used similar cognitive-behavioral strategies have been shown to be effective in the promotion and maintenance of physical activity in healthy older adults and those with cardiovascular disease, 7, 26, 41 we hypothesized that the LAP participants would exhibit higher physical activity levels versus those in the TET at the end of the trial. Our results did show the LAP group to have higher activity levels at 12 months as compared to their baseline values and the TET group showed a trend (p Z 0.09) for higher activity levels at 12 months as compared to baseline. We also thought that the LAP participants would maintain the benefits in secondary outcomes, whereas the TET participants would experience a loss. Our results showed both groups maintaining a number of improvements in physical function and quality of life at 12 months when compared to baseline.
While most studies show a return of health benefits to baseline values in follow-up testing following termination of a structured rehabilitation program similar to our TET, some studies have shown that participants maintain these week pulmonary rehabilitation program while receiving a placebo. 9 Their results showed that all patients, regardless of treatment, maintained improvements in exercise capacity 3 months after the completion of the pulmonary rehabilitation program. In a follow-up paper, they found that 3 months following the completion of the program patients in the placebo group were at activity levels similar to those reported during the program. 17 Thus, it appears that over the short-term COPD patients do maintain increases in physical activity levels following an exercise rehabilitation program and this is accompanied with the maintenance of exercise therapy derived benefits.
Our results and those of Casaburi et al. show that participants in exercise rehabilitation programs can maintain physical activity levels and associated benefits 3e9 months following the completion of such a program. There is evidence that these benefits are not maintained much beyond 12e24 months. 5, 33 Ries et al. evaluated the efficacy of a 12 month telephone-based maintenance program in COPD patients that had completed an eight week rehabilitation program. 33 During the 12 month intervention, they found exercise tolerance and overall health status was better maintained in the experimental group. By 24 months, these group differences had disappeared, and patients returned to levels close to baseline values. The authors concluded that a maintenance program consisting of weekly calls and monthly supervised sessions produced All values are estimated least squares means (AEstandard error of the mean) from repeated measures analysis of covariance adjusted for gender and baseline value. VO 2 peak is peak oxygen consumption. Baseline value is overall mean used to obtain least squares means at follow-up visits. P values for within group analysis comparing follow-up visits to baseline values are reported adjacent to individual mean values.
only modest improvements in the maintenance of benefits following rehabilitation and that these improvements are not durable in the absence of an ongoing intervention. In retrospect, it would have been informative to extend out study out to 24 months to examine group differences at this more distant time point. In a previous trial, we reported on patients who completed a 3 or 18 month center-based exercise intervention. 5 Those in the 3-month intervention were encouraged to continue exercising; however, they were not provided with the opportunity to continue at our center. At the end of 18 months, those in the 3-month intervention reported lower levels of physical activity, physical function and a reduced quality of life as compared to those in the 18 month program. More importantly, those in the 18 month intervention maintained the early benefits archived from participating. Recently, Steele and colleagues evaluated the efficacy of a 12 week exercise adherence intervention initiated after patients completed an 8 week rehabilitation program. 36 As compared to a control group that only completed the 8 week rehabilitation program, those patients in the exercise adherence intervention had smaller declines in exercise adherence and exercise capacity at the completion of the 12 week exercise adherence intervention. However, at one year of follow-up, there were no differences between the groups in daily activity levels, and there were no long-term benefits with respect to exercise capacity. Based on the results of these previously published studies and this investigation, it appears that COPD patients who participate in short-term exercise therapy programs can maintain the benefits for up to one year. However, following that, it appears that the benefits begin to diminish as time progresses. Collectively, this research points to the need for intervention studies that examine adherence 2e4 years following the onset of treatment and to formally test behavioral interventions that directly address the question of how to best promote long-term adherence.
A limitation with the current study is the lack of a control group that received no exercise intervention. Given previous studies documenting the effectiveness of exercise at improving physical function in COPD patients, we did not feel it would be ethical to withhold a proven treatment. Since both the TET and LAP had similar levels of physical activity and physical function at the completion of the trial, it could be argued that neither intervention was effective at increasing physical activity or improvement secondary outcomes. However, despite the fact that there were no group differences between the LAT and TET both groups did improve their physical activity habits from baseline to follow-up assessments and this was complemented by improvement in selected measures of physical function and quality of life. Results from previous studies have shown that physical function will decline in COPD patients not involved in exercise. Stav et al. followed patients assigned to either a three year pulmonary rehabilitation program versus a no exercise control group. At the end of one, two, and three years, physical function had declined in the control group, whereas physical function was improved and maintained throughout the study in the exercise group. 35 An additional limitation to our study is the fact that traditional measures used in evaluating the efficacy of pulmonary rehabilitation (i.e, 6 min walk and the CRQ) did not show clinically meaningful improvements at 3 or 12 months. Our interventions were designed so that both groups had similar exercise prescriptions while performing center-based exercise. We set these levels so that those in the LAP would be able to mimic these same levels when exercising unsupervised at home. While it may be argued that these intensity levels were too low to elicit clinically meaningful improvements in traditional measures used in pulmonary rehabilitation, we did see clinically meaningful changes in the SPPB in both groups at 12 months. 19, 24 Given the SPPB is a valid measure of lower extremity function that has been used with COPD patients, we would argue that both interventions, albeit while not significantly different from each other, were effective in improving long-term physical function.
In conclusion, this study shows that a LAP approach to exercise therapy with COPD patients is safe and effective at maintaining increased physical activity levels at one year. Additionally, both the LAP and TET result in the maintenance of selected health benefits at one year. It is important to note that all participants in this study had to pass a behavior run-in prior to being deemed eligible for participation. This is relevant to the external validity of the study results. Additional intervention research is needed to determine whether the long-term effects of LAP and TET on exercise adherence and health benefits in patients with COPD extend beyond 12 months. Values are the number of events. The p values for comparing the two treatment arms were obtained using the Chi-square test for categorical variables.
